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ABSTRACT
The present work evaluates the math from monthly financial transfers to municipalities with technical viability 
for building of initial or intermediate repository for storing of radioactivity nuclear waste: gloves, sneakers, 
mask, resins and filters came from thermonuclear facilities. Several aspects have been considered as the 
geological factors of the site as presence of capable faults, groundwater vulnerability, infiltration of seawater. 
Also, it was take into account socioeconomic factors: population density, costs for construction, maintenance 
and operation of repository; size and activity of waste; among others.
Hereafter, we have presented the key features of low and average activity repository and high activity repository 
even as initial, intermediate and final repository and the possible environment impact. The methodology for 
calculation of financial compensation of municipalities was established by CNEN will be applied for a specific  
assumed municipality. The analysis of financial compensation due to the specific nuclear waste deposit and the  
possible guidelines for the use of that compensation by the municipality will be analyzed. In addiction, it will be 
compared the model for compensation used for nuclear wastes with other plants receiving permanent wastes  
from cemeteries and sanitary landfills, where the land should not be allowed for the human activities the same  
as: crops, livestock and buildings. Also, comparison with royalties and indemnities were paid by facilities of 
energy production as hydroelectric dams as well as petroleum and gas exploration plants.
The destination of financial compensation transfer to the municipality is in charge of the city administration. 
The compensation could be applied of investments in education and culture, health, sanitation works, 
improvement of public transport, environment, among others. It will be discussed the cost-benefit relation for 
the assumed municipality.
1. INTRODUCTION
The purpose of nuclear power plants as an alternative for power generation is being 
increasingly accepted in the world. A few of the reasons, which justifies the search for new 
sources of energy, is that nuclear power plants are highly responsible for the reduction of the 
carbon dioxide to the environment, the greenhouse effect and  the average temperature on 
Earth.
However the strong impediment for the construction of new nuclear power plants is 
particularly concerned to the nuclear waste has generated for them. Studies have been 
constantly improving and standards are followed to ensure that such wastes, that can be low, 
medium or high level activity, are properly isolated and imprisoned indefinitely or until this 
activity level allows a possible and safe reprocessing. Safety standards guarantee that nuclear 
waste disposal sites are safe, although political and public opinion do not always allow the 
building of these deposits.
The building of a nuclear waste deposit requires positive viability which ensures full security 
as the absence of earthquakes, leakage of material deposited and infiltration of seawater. One 
should also consider the absence or mitigation of environmental impacts could be caused by 
building, the guarantee that groundwater should not be affected, among others.
One way to make possible the installation of the nuclear waste deposit in a municipality is to 
trying to compensate for the loss of space and potential risk that this region may be subjected. 
For this reason, the sector responsible for managing the nuclear waste produced, the National 
Nuclear Energy Commission - CNEN, has established that the municipality that hosts a 
deposit of waste will be rewarded financially for the loss of the space as always happens in 
relation to the payment of royalties and the compensation for construction of hydroelectric 
reservoirs, landfills, oil and natural gas, among others, on the agreement of the Constitution.
The payment is made monthly for the compensation to the municipality and the destination of 
the money should be applied for the well being of society, since this value should not be 
directed for the payments of public debts.
The study in question is a preview of my Academic master degree dissertation, that is, in 
progress. Moreover some data and factors have not been raised yet and they have been 
stipulated for the purpose of calculating the financial compensation. 
2. EXAMPLES OF FINANCIAL COMPENSATION IN BRAZIL
There are other forms of compensation paid to municipalities and states where occur the 
occupation  and  the  exploration  of  public  lands.  The  payment  may  be  related  to:  the 
exploration of natural resources in the region, dispossession of spaces for the construction of 
reservoirs, possible environmental impacts and potential risk to the surrounding population. 
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Our analysis also introduces how the financial transfer of some facilities has occurred such 
as: hydroelectric power, exploration of oil and gas and mining plants that utilize public space 
for their activities.
2.1. Financial compensation for the exploitation of water resources for electricity 
production
The compensation of hydropower paid to municipalities and states, where there are power 
plants, is the consequence of the exploitation of water resources in the region as well as the 
flooding which is caused by the building of the reservoir. The value of the amount of 
financial compensation for the exploitation of water resources is transferred to the Ministry of 
Environment, Water Resources and Legal Amazon, the Ministry of Mines and Energy 
(MME) and the National Fund for Scientific and Technological Development (CNPq), which 
corresponds to 6.75% of value of electricity produced.  Whereas hydroelectric royalties are 
paid in compensation for the flooding and they are transferred to municipalities and states, 
which are affected by building of the reservoir.
Between 1997 and 2007, Brazil was greatly well successful by compensation and royalties 
around R$ 11 billion. For the same period, the State of Minas Gerais has enormously 
benefited of the bigger part of this transfer, approximately around R$ 800 million.
A study of the 54 municipalities of Minas Gerais has found that the financial compensation 
related to the hydroelectric plants is about 4.5% of the taxes collected, and the third in the list 
of those who collect the most. Therefore, the study has showed that sectors referring to: 
habitation, health, sanitation and transport had relevant improvements with the transfer of 
these royalties. In some municipalities, the annual growth reached about 27% with 
investments in health and sanitation. Although some municipalities have significant 
accomplishment in education and culture, around 15%, these sectors still depend primarily on 
the ICMS - Tax on Goods and Services - and the FPM - Municipal Participation Fund.
2.2. Financial compensation for exploration of oil and natural gas
The exploration of oil and natural gas have generated directly to municipalities and states 
involved the payment of royalties as a form of financial compensation for natural resource 
exploration, potential risk, and the special participation due to dealers operating in the case of 
large volume of  production. The amount of transfer varies with the rate (at least 5% of 
production) and if the exploration takes place on land or at sea, assuming that in any case 
state and municipality will receive the highest percentage of royalties, since they are directly 
affected by the exploration. The rest of percentage is distributed among: municipalities that 
have facilities for loading and unloading of oil and natural gas, the Navy Department, 
Ministry of Science and Technology and the Special Fund. The special participation follows 
the same guidelines for payment of royalties, primarily covering the city and state, where 
there is production on land; and then the Ministry of Mines and Energy, which invests in 
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resources and development in Geology and Geophysics aiming the prospect of oil; and an 
equal percentage includes the Ministry of Environment, Water Resources and Legal Amazon, 
which invests in projects and resources, related to the environment and the recovery of 
damages, caused by oil exploration.
As it was presented in this study, the payment of royalties and financial compensation is not a 
tribute, so it should not be applied for the payment of public finances, except for investment 
in sectors that seeks the welfare of the affected population. The municipalities that have 
received the larger percentage of the transfers are Campos dos Goytacazes and Macaé, 
totaling reached the value over 36% among the other Brazilian municipalities.
Some studies show how investment in various public sectors have meaningfully contributed 
to the improvement of  the population of the region of Norte Fluminense of Rio de Janeiro 
between 1999 and 2000, specifically the municipalities of Macaé and Campos dos 
Goytacazes.  Services as public transport, health, waste disposal, water supply and sanitary 
sewer service had expressive increases in these regions. Furthermore, other municipalities: 
Armação de Búzios, Cabo Frio and Arraial do Cabo have transferred the significant part of 
the royalties and also invest in activities related to tourism. In 2006, the production of oil and 
natural gas have generated around R$ 16.543 billion in the Brazil, considering royalties and 
special participation.
2.3. Financial compensation for mineral exploration
The compensation paid by mineral exploration is calculated according to the net sales, that is, 
the sale of the specific mineral. If a sale does not occur, the transfer is calculated, considering 
mainly the cost on exploration of mineral.
The rates for the value of transfers vary with the type of mineral explored and the distribution 
of revenue, which is divided considering that the municipality producer receives most of the 
transfer,  65%, because is the affected part directly with the operation. The 35% is shared 
between the state where production occurs, 23%, and the federal government which transfers 
the  remaining  12% to  the  National  Department  of  Mineral  Production,  DNPM,  and  the 
Brazilian Institute of Environment and Natural Resources, IBAMA.
As well as the other forms of compensation, the compensation for mineral exploration should 
not be used to pay debts of the government; it is the right of the municipality to employ the 
compensation, however, for the ends of well-being of the local communities
3. CLASSIFICATION OF DEPOSITS AND NUCLEAR WASTE
In the sequence of our study, we will classify the disposal of nuclear waste according to the 
destination and level of activity.
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The following types of nuclear waste disposal are:
3.1. Initial deposit
Intended for storage of radioactive waste, whose responsibility,  by the administration and 
operation, is for the producer of nuclear waste.
3.2. Intermediate deposit
Designed to receive and then transfer the packaged radioactive waste of any type, seeking 
their removal to the final deposit.
3.3. Final deposit
Designed for final disposal of radioactive waste.
3.4. Temporary deposit
Designed to receive waste from nuclear or radiological accidents. It will be disabled after the 
full transfer of the waste for deposits intermediate or final.
The radioactive wastes are classified as follows:
3.5. Class 0 - Exempt Waste
Wastes containing radionuclides with values activity or activity concentration by weight or 
volume  less  than  or  equal  to  respective  levels  of  exemption  set  out  in  the  standard 
“Radioactive Waste Management of Low and Middle Levels of Radiation”.
3.6. Class 1 - Waste with Too Short Half Life (RVMC)
Wastes with half life less than or around 100 days, with levels of activity above respective 
levels of exemption and that can meet during a period of 5 years, the criteria for exemption 
according  to  standard  “Radioactive  Waste  Management  of  Low  and  Middle  Levels  of 
Radiation”.
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3.7. Class 2 - Waste Low and Middle Levels of Radiation (RBMN)
Waste with half life upper than the Too Short Half Life Waste,  with levels of activity or 
activity  concentration  above  exemption  levels  established  in  the  “Radioactive  Waste 
Management of Low and Middle Levels of Radiation” as well as thermal power less than 
2kW/m3.
3.8. Class 2.1 - Short Half Life (RBMNVC)
Waste low and medium levels of radiation emitters of beta and gamma, with half life less or 
the order of 30 years and with concentration of alpha emitting radionuclides with  long half 
life limited 3700kBq / kg in individual volumes and a average value of 370kBq / kg for the 
volume set.
3.9. Class 2.2 - Wastes containing Natural Radionuclides (RBMNRN)
Waste extraction and exploration of oil,  containing radionuclides of uranium and thorium 
series,  in  concentrations  above  activities  or  activity  levels  of  exemption  established  by 
standard “Radioactive Waste Management of Low and Middle Levels of Radiation”.
3.10.  Class 2.3 - Wastes containing Natural Radionuclides (RBMNRN)
Waste containing raw materials mineral, natural or industrial with series of radionuclides of 
uranium and thorium and concentrations of activity or activities above the levels established 
in  the  waiver  standard  “Radioactive  Waste  Management  of  Low  and  Middle  Levels 
Radiation”
3.11. Class 2.4 - Waste with Long Half Life (RBMNVL)
Waste not included in Classes 2.2 and 2.3, with concentrations of radionuclides with long half 
life that exceed the limitations for classification as a waste of short half life.
3.12.  Class 3 - Waste with High Level Radiation (RAN)
Waste with higher thermal power of 2kW/m3 and with concentrations of radionuclides with 
long half life that exceed the limitations for classification as a waste of short half life.
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The waste of low and medium activity refers to gloves, masks, clothing, shoes, resins, filters.  
But the high-activity wastes are fuel used in thermonuclear plants.
4. METHODOLOGY APPLIED
The National Commission of Nuclear Energy (CNEN) has established the Resolution No. 95 
on August 10, 2010 that determines the methodology for "Model for calculating for 
compensation of municipalities".
The resolution establishes the compensation to be paid monthly to the municipality for a 
period of 300 years which is housing of initial, intermediate or final deposits of low, medium 
and high activity.
It should be noted that the standard does not address criteria for the selection of sites for 
installation of deposits. The selection criteria are set out in the standard CNEN-NE6.06 
"Selection and choice of sites for radioactive waste disposal sites”. This standard considers 
the ecological, socioeconomic, geological and physiographic aspects that are decisive for 
choosing the site.
The resolution in question considers a single parameter for the city: the demographics. The 
other parameters are mainly related to the characteristics of the waste and deposit and some 
financial factors as determined by CNEN.
For the calculation of the compensation are considered factors, that represent a certain 
variable. For example, the variable half life of the material is used in the calculations; 
however the actual value of the specific half life is not applied with the respective unity. The 
resolution considers the ranges of half life and for each interval is considered a parameter. 
Materials for beta and gamma emitters with half lives less than one year and with a specific 
activity equal or less then 3.700Bq/g is used in the calculations the parameter correspondent 
40%. For beta and gamma emitters wastes, however with half life greater than one year and 
less than 30 years, is attributed the parameter 50%. And finally for waste with a half life of 
more than 30 years is considered the parameter 60%.
This methodology has utilized in almost all variables. We must specify if the deposit is the 
initial, intermediate or final, if the waste is treated, half treated or untreated before being 
deposited, the activity of the material, the density, the cost of the construction of each type of 
deposit. For all these variables are assigned their respective parameters.
The operation of all these factors will be valued and the results demonstrate the costs for 
building and maintenance of the deposit. CNEN considers, based on international experience, 
a cost of R$ 10.000/m3 for the implementation of the deposit. It is also the factor set out in 
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paragraph 1 of Article 34 of Law 10.308/01, which states that the compensation can not be 
less than 10% of the costs paid by the waste depositor to the CNEN.
To calculate the compensation, it was necessary to assume certain characteristics of the 
waste, because some of these have not yet been achieved. We have focused the amount of 
waste of low and medium activity, which has been already produced by Angra1, the nuclear 
power plant, during its operation and add the estimated amount waste for the next years of 
operation.
We have considered a city of the state of Rio de Janeiro with low population density, less 
than 500 habitantes/m2, which corresponds to the factor 1.0. Then:
Fdd (Density Factor) = 1.0
The factors related to the type of deposit, half life, concentration, conditions for deposition of 
radioactive waste were assumed as follows:
Fd (Deposit Factor) = 5% (initial deposits)
Fr (Waste Factor) = 5% (treated waste)
Fm (Half Life Factor) = 50% (for waste emitting beta and gamma half-life greater than one 
year and less than 30 years and specific activity of alpha equal to 3.700Bq / g)
Fc (Concentration Factor) = 60% (for average concentrations> 1.000Bq/ge <10.000Bq / g)
The main equation of the methodology:
                                                         FM = VM xVc '/ T                                                         (1)
Where:
VM = value to be paid monthly to the municipality, in R$.
FM = factor applied to the amount collected by CNEN sets the value to be transferred to the 
municipality.
Vc '= fraction of the amount collected to get the CNEN to shoulder the costs of maintenance 
of deposit.
T = decay time to be considered for financial compensation, 300 years or 3600 months.
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CNEN data have ensured that Angra 1 produced until 2001 a volume of 1,619.27 m3 of 
radioactive waste of activity low and medium and they are stored in intermediate deposit in 
facilities of the plant. Making an estimate of the amount to be produced until the plant 
reaches the expected for 40 years of operation, the total amount you would be 4,048.175 m3 
of radioactive waste.
During  the  40  years  of  the  plant  operation,  CNEN  would  receive  the  value  similar  to 
R$16,192,700 of waste generators.  
For each month, CNEN will transfer to the municipality in question, where will be the initial 
deposit,  an  amount  equivalent  to  R$449.80.  That  in  300  years  corresponds  to 
R$1,619,280.00, slightly above the 10% expected.
5. CONCLUSIONS
We have noted that the value to be transferred to the municipality is much lower than it 
would be expected, compared to other forms of financial compensation and it would not be 
interest to any municipality. As this is a study, which is ongoing and some data had to be 
estimated, it is likely that the result should be improved to obtain that data.
Another relevant factor is that we have considered particularly nuclear waste arising from 
Angra 1.  Probably that  the  deposit  has  the  capacity  to  receive  waste  from other  nuclear 
facilities and radioactive, which we believe will go to generate results more consistent with 
reality.
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